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1968 NDEA INSTITUTE IN INDUSTRIAL MATERIALS 
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Hamlin Junior High School 
, Springfiled, Oregon 

INSTRUCTIONAL LEVEL: Jr. High, High School, Junior College 

TITLE: Polymers - Acrylics 

PRESENTATION TIME: Lecture-Demonstration 6-10, Student 

Experiment 10-20 hours* 



INTRODUCTION: 

Acrylic is the chemical name for one of several kinds of 
plastics in the big family of thermoplastics. This clastic 
material is probably the most familiar to most of us, because of 
its various colors and textures when used in homes and purchasing 
it at your local hobby shop. ; ost of you will recognize some 
of the trade rtfmes of this material: "lexiglas, lucite, evr- 

kleer, gerlite and polycast. **uch of this material is used clear, 
or is referred to as transparent, also much of the material is 
translucent. 

OBJECTIVES: 

1. The student should be able to recognize this material 
as one in the family of thermoplastics. 

2. The student should be able; to give two or three ways this 
material differs from othelr thermoplastic materials. 

3. The student should become familiar with the physical 
properties of this material,. 

4. The student should become acquainted with the industrial 
use of this plastic material. 

INTER-RELATION WITH OTHER SUBJECTS: 

UNIT SUBJECT AREA: Polymers (Plastics) 

INTER-RELATION WITH OTHER SUBJECTS: 

1. This subject could be introduced as a short unit in 
Wood, .ietal or General Shop courses of Industrial Arts 

2. Team teaching with the 8th grade General Science 
teacher would be possible, where ha emphasized the 
theory and the IA teacher reinforced it with experiments 
and projects in the I A lab. 

3. Fits nicley under 9th grade IPS science nrogram which 
is based on chemistry, experimentation, and properties 
of materials. 



- 2 - 



USE IN INDUSTRY: 

Applications iri industry are aircraft glazing, internally 
illuminated fluorescent lights, architectural panels, skylights 
and demonstration models, -crylics are divided into three 
main product groups: cast sheet, molding powder and high- 
impact molding powder. All molding powders can be used in all 
injection and extrusion equipment/ The crystal clarity of the 
acrylics 3 along with the ease with which they can be decorated 
by vacuum metallizing, spray painting, hot stamping and other 
methods are important characteristics for many applications. 

This material is one .of the easiest plastic materials to work, 
requiring a small amount of equipment. The material is one of the 
least expansive plastic materials, '-hi ch gives the students many 
opportunities to find out the working properties of this material, 
such as burning rate, transparency, hardness, '*ater absorption, 
solvents and adhesives. 

'•ATERIALS AND EQUIPMENT: 
acid swaps {one doz) 

aerosol spray paint cans (assorted colors) 
eye droppers (one doz) 
coloring dyes 

holding jigs - thermoformed shapes (assortment) 
strip heater 
heat gun 
bunsen burner 

light source (flashlight or small table lamp) 
six doz pint « half pint glass jars (wide mouth) 
various samples of acrylic (cast sheet) materials, colors and 
textures. 

o or 6 solvents for this material - incl. -acetone 
5 or 6 adhesives for this material to incl. ethylene dichloride 
oven, thermostat controlled 
extrusion machine if available 
air pressure forming machine if available 
small sandblasting machine if available 
injection molding machine if available 
assorted manufacturing samples: auto taillights, metallized 
components, light fixture shades, etc. 
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DUGATIONAL MEDIA: . . 

. 1. Films (for orderino information - ~-ee appendix) 
PLASTICS IS YOUR BUSINESS 
THE MAGIC MOLECULE 

THE COMPOSITION AND PROPERTIES OF PLASTICS 
THE SHAPE OF PLASTICS 
WHAT CAN THE MATTER BE? 

PROSPECT FOR PLASTICS 



ORIGIN AND SYNTHESIS OF PLASTICS MATERIALS 
NEW WORLD OF CHEMISTRY 
PLASTICS, INDUSTRIAL PROCESSES AND PRODUCTS 
METHODS OF PROCESSING PLASTIC MATERIAL 



MANUFACTURE OF PLASTICS 

PORTRAIT IN PLASTICS 

WHO IN THE WORLD IS SMEDLOH? 

MERLON POLYCARBONATE 

CONSTRUCTION AND OPERATION OF PLASTICS SCREW EXTRUDERS 
EXTRUSION STUDIES WITH TRANSPARENT BARRELS AND DIES 



2. Transparencies 

#1 - #14 - attached to unit 

3. Audio-visual Materials 



overhead projector 
8nm single concept projector 
16 run sound projector 
drill size chart 
tap and die chart 
safety charts on machine tools 
chart of extrusion machine illustrating the parts 
chart of injection molding machine, illustrated 
ooerations and parts 

acrylic rod with knot tied in it for light transmission 
illustration 
molecular models 

4. Single concent film list - super 8 m silent 
(all instructor made or purchased commercially if 

avaialble) 

operation of a sandblaster 

operation of shop designed air pressure forming machine 
operation of extrusion molding machine 
operation of the injection mol dine machine 

5. Slide series 

The introductory group of slide needs to be developed 
by the instructor or purchased from the following: 



Kitco Division of the Henry Company 
6405 East Kellog Street 
Wichita, Kansas 

Filmstrip and record at $18.50 « INTRODUCTION 
TO PLASTICS - 35 mm. f ilm strip and accompanying 
33 1/3 record, color. 20 minutes. .. . 



JILI2ATI0N IN THE TEACHING-LEARNING ENVIRONMENT : 



SAFETY : 

1. Many of these materials are acid in nature and are 
not easily removed from clothes - wear shop coat. 

2. When cutting or sanding wear eye and/or f ace- 
pro tecti on . 

3. Most of these materials are very inflammable, use 
use considerable caution when near heat. n 0 NOT 
WORK WITH THESE MATERIALS NEAR OPEN FLAME. 

PRESENTATION: (Instructor) 

A. Introduction -(importance of plastic to our society today) 
Transparency 1, Films 1 & 2. 

B. Atoms & Molecular structure of Polymers - Transparencies 
2, 3, 4, o. -olecular Models, c ilms #, 4, S, 6. 

i;. Polymerization - Demonstration on making simple nylon, 
Transparencies 6 & 7, ’olecular Models, c ilms 7 & 8 

D. Plastic Families - Transparencies 8 & 9, a common 
sample of each type of plastic, Film 9. 

E. Acrylic Structure - Traris. 10. 

F. Producing Acrylics - Trans. 11 12, Films 10, 11, 12. 

G. Properties of Acrylics - Demonstration on Impact 
Strength, Trans. 13, Film 13. 

H. Light Transmission (Clarity) - Demonstration with 
polished edge & carved letters in face of material for 
edge lighting effect, irans 13, 'crylic rod tied in a 
knot - polished at both ends. 

I. Heat Forming (Plastic Memory) - Jemonstrati on on heat 
forming a small project, :r ilm 14. 

0. Adhesion - Demonstration of the various methods of 
joining two pieces of acrylic. 

K. Solvents - Illustration of student experiment, Trans. 13 

L. Dyeing - Demonstration on three types of dyeing, Trans 
12, samples of colored acrylic plastic. 

M. Cutting- Shaping & Texture - Demonstrations: hand £ 

paver tools for cutting, drilling, filing, sanding & 
buffino, sandblasting, coating by paint. Charts on 
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safe operation of power tools, Single Concept film on 
Operation of Sandblaster, Shop color chart for available 
colors. 

N. Fabrication 

1. Fasteners - demonstration on drilling and tapping of 
acrylic material, Tap and Die Chart, and Drill 
Chart. 

2. Air Pressure Forming - Jemo. on making a small free- 
form dish, Trans. 14, Single concept film on 
operation of shop designed air pressure forming 
machine. 

3. Extrusion - Demo, on this machine, Chart on machine 
operation and parts. Single concept film on the 
operation of Extrusion Molding Machine, Films 15 & 16 

4. Injection Molding - demo on this machine, Chart on 
parts of the machine and operational procedures, 
Single concept film on the operation of the 
injection molding machine. 

PRESENTATION: (student) 

topic student assignment student exp * ^ iment or project 



A list plastic materials 

known, by uses 
B review knowledge of 

atoms and molecular 
structure 
C none 

D list samples of plastic 
presented 

E read about acrylics in 

ref & textbooks 
F study production of 

acrylic resin 
6 find burning rate on 

properties trans. 

& impact strength 
H find transmittance on 

properties chart - text 

I find correct temp 

for forming various 
thicknesses acrylics 



none 

construct other molecular 
structures from models 

construct other polymer 
"mers" \ith models 
none 

none 

none 

test burning rate of 
various acrylics 
test impact strength 
expr. with different angles 
of bends for light 
transmission 

twist or form sample pieces 
when heated, then reheat and 
observe, small projects can 
be made. 



J. 






list as many types of 
adhesives as possible 
that will work on this 
K find solvents that will 
work on acrylics 

L check out available 
dyes 

M. review safety rules, 
find best bandsaw blade 
review operation 

of sandblaster 

N. review safety 



test as many as possible 
to fing the strongest 
and best, project work, 
experiment with the solvents 
and record results - expr. 
with solvents as cleaners 
experiment with 2 or 3 to 
find best for your project 
experiment with handsaws, 
test erosion with disc 
sander, test for light 
transmission after sandblasting 
attempt project on one of 
these machines 



EVALUATION AND OBSERVATION: 



STUDENT PERFORMANCE: 

topic question to be answered during the unrit. 

A. Are there only two or three plastic materials used 
around the home? 

Why are plastics important to us as a society? 

B. How do materials differ in molecular structure? 

How are the fossil fuels important to polymers? 

C. What are the basic elements needed for polymerization? 
What is meant by a "mer" in polymerization? 

How many molecules are involved in polymerization? 

D. What is the difference between the two major families 
of plastics? 

E. How does the molecular structure of acrylic differ 
from polystyrene or another polymer? 

F. How does a reactor operate in making acrylic resin? 

G. How do the properties of acrylic materials compare 
with polystyrene? 

H. Is there a thermoplastic material that has better 
light transmission qualities than acrylic, if so, 
which one is it? 

I. Why does this plastic material seek its original 
shape when reheated after forming? 

J. Can you describe the action that takes place when 
glueing with a solvent type adhesive? 

K. Which solvent worked the best on this material, from 
the results of your testing? 




L. Is there a difference between transparent and 
translucent acrylic materials? 

M. What should be done with the surface of acrylic 
material before coating with a paint? 

N. How many different machine processes can be used 
with any form of this material in making useful 
plastic items? 

UNIT EVALUATION: 

1. Observe the students as they are performing the 
experiments, for clues to future presentations 
of this unit. 

2. To measure to a slight degree the success of the 
unit, you might assign each student a performance 
type of test operation or a project to see if 
they (individually) have gained knowledge. of that 
activity. 

3. Each student could have four or five samples of 
plastic material (one - acrylic). By performing 
any test they knew about and wished to try, identify 
which one is the acrylic sample. 

4; Determine the definite length of time by 
presenting this unit. How many periods for 
instruction, experimentation, and student projects. 
5. Each instructor should try experimental ideas 
of his own, do not let this outline limit your 
breadth or depth of instruciton. 

DEFINITION OF TERMS : 

1. Acrylic ester - of acrylic acid, or of a structural 
derivative of acrylic acid, e.g., methyl methacrylate 

2. Compressive strength - crushing load at. - the failure 
of a specimen divided by the original sectional area 

of the section. r , . 

3. Crazing - fine cracks which may extend in a necwork 
on or under the surface or through a layer of a 

plastic material. . ^ , 

4. Creep - dimensional change with time of a material under 
load, following the initial instantaneous elastic 
deformation. Creep at room temperature is sometimes 
called cold flow. 

>j' crystallinity - a state of molecular structure in some 
resins which denotes uniformity and compactness of the 
molecular chains forming the polymer. 
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6. Dimensional stability - ability to retain the precise 
shape in which it was molded, fabricated or cast. 

/. Elongation - fractional increase in length of a material 
stressed in tension 

8. Extrusion - compacting of a plastic material and the 
forcing of it through an orifice in more or less 
continuous fashion. 

9 . Flexural strength - strength in bending, expressed as 
tensile stress of the outermost fibers of a bent 
test sample at the instant of failure. 

10. Modulus of Elasticity - ratio of stress to strain in 
a material that is elastically deformed. 

11. Plastic deformation - change in dimensions of an 
object under load that is not recovered when the load is 
removed; opposed to elastic deformation. 

12. Tensile strength - pulling stress, in PSI, required 
to break a given specimen, 

13. Yield Value/strength = lowest stress at which a 
material undergoes plastic deformation, ^elow this 
stress, the material is elastic; above it, viscous. 

REFERENCES: (see references - cellulosics unit) 
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THE PRODUCTION OF NYLON 6/6 IN ILLUSTRATING POLYMEPIZATION 

INTRODUCTION: 

This is a simplified version of the industrial application. 

"ATE RIALS & EQUIPMENT: 

4 A grams of 1 ,6 - hexanedi amine 
50 mills of H 2 O 

2 mills of sebacoyl chloride 
100 mills of carbon tetrachloride 
1 - 500 cc beaker 
overhead projector and s creen 
1 pr tongs 

8" piece of 1/2" dowel 

UTILIZATION IN THE TEACHNG LEARNING ENVIRNOMENT 
SAFETY : 

1. Safety glasses required •- 

2. Mix chemicals in well ventilated area - fumes 
injurious to lethal 

3. jring into classroom mixed - due to dangerous nature 
of fumes 

PRESENTATION: 

1. ’ix the sebacoyl chloride in the carbon tetra- 
chloride & put into a 500 cc beaker 

2. jo not put other chemicals into beaker until mixed 
in a separate container 

3. Pour the 1,6 hexanediamine and water slowly into 
the beaker of sebacoyl and carbon tetrachloride 

4. These will form two layers of liquids with a 
membrane in between. 

5. Place the beaker on the overhead projector and 
project 

6. "ith a pair of tongs reach into the beaker and 
pull up the membrane in the center 

7. The membrane will become visible as it is pulled 
away from the beaker walls 

8. A strand of nylon will be drawn from the membrane 

9. Place the strand of nylon on a piece of dowel and 
rotate 

10. The strand continues to be drawn as long as the 
two solutions unite to form the strand. 
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ATOMS. SYMBOLS, 
VALENCE NO. & STRUCTURE 

AT0MS SYMBOL VALENCE NO. STRUCTURE 
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Bromine 


Br 


1 


-Br 


Oxygen 


O 


2 


-o- 


Sulfur 


S 


2 


-s- 


Nitrogen 


N 


3 


i 

-N- 


Carbon 


C 


4 


1 . 

-C- 

i . 


Silicon 


Si 


4 


i 

-s- 



I 



COVALENT BONDS 
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Methane (Marsh Gas) 
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Formulas, Atoms & Structures 

FORMULAS 

1. Molecular Indicate kind and number of atoms in molecule, 

2. Structural — Also indicate chemical bonds between atoms. 



H 2 ° 



Water 

Two atoms of hydrogen 
One atom of oxygen 



H-O-H 




Methane(Marsh Gas) 

Four atoms of hydrogen 
One atom of carbon 



H 

H-C-H 

I 

H 



CH O 
4 

2 4 



Methyl Alcohol 

Four atoms of hydrogen 
One atom of carbon 
One atom of oxygen 

Ethylene 

Four atoms of hydrogen 
Two atoms of carbon 



C 2 H 6 



Ethane 

Six atoms of hydrogen 
Two atom 8 of carbon 
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Ethyl Alcohol 

Six atoms of hydrogen 
Two atom 8 of carbon 
One atom of oxygen 
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POLYMERIZATION 

Polyethylene 

(MANX MOLECULES OF ETHYLENE JOINED TOGETHER) 




(CATALYST) 




HEAT - LIGHT 
PRESSURE 





BIFUNCTIONAL 
TWO REACTION SITES 
FOR OTHER MOLECULES 
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POLYMERS 



MANY MERS 



Types of Polymerization 

addition type 



Ethylene Water 



Ethyl Alcohol 



CH=CH*H0H *• CH - CH 0 H 



Ethylene 



Polyethylene 



CH Z =CH 



Cat*lyrt 




2> u**t- light 
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(c h 2 - 



CH 



condensation type 



Acetic Acid 

CH.-COOH 



Ethylalcohol 

HOC, H s 



Ethyl Acetate 



Water 



ch,cooc 2 h 5 + h 2 o 
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THE CHEMICAL STRUCTURE OF ACRYLICS 



IN Line CHART FORM 
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INTRODUCTION: 

Cellular plastics, also referred to as expanded or foamed 
plastics, are growing members of the plastics of the plastics 
family. They are used in the making of insulation, as core 
materials for load-bearing structures, or cushioning materials 
used in product protection during shipping and for furniture, 
bedding and upholstering. Among those plastics which are com- 
mercially produced in cellular form are: cellulose acetate, 

epoxy, phenolic, polyethylene, polystyrene, silicone, urea- 
formaldehyde, urethane, and cellulose vinyl, (see transparency 
no. 1 , no. 2 and no. 3) 



OBJECTIVES: 

1. To review the various types of cellular plastics used 
in industry. 

2. To acquaint the students with the outstanding properties 
and characteristics of foaming materials. 

3. To review the structural and chemical composition of 
cellular plastics. 

4. To understand the production methods used in producing 
cellular plastics. 

5. To demonstrate a few of the foaming processes. 

6. To encourage the students to perhaps seek a "better 
way" and to always ask "why" when experimenting with a 
parti cul ar materi al . 

INTER-RELATION WITH OTHER SUBJECTS: 



UNIT SUBJECT AREA: Polymers 

INTER-RELATION WITH OTHER SUBJECTS: 
Chemistry - organic 
Physics 
Economics 
Mathemati cs 
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USE IN INDUSTRY: 

Commercially, cellular plastics can be produced in the form 
of slabs, blocks, sheets, molded shapes, extruded insulation and 
sprayed coatings. In addition, several can be "foamed in place" 
or "packed in place" in an existing cavity for potting of an 
electrical component within a housing, and for providing thermal 
insulation in a buildinq or other structure. 

Each of the nine major cellular plastics have specific 
industrial applications. However, the uses fall largely into 
the fields of thermal insulation, acoustical insulation, electri- 
cal insulation, potting, structural reinforcement, cushioning, 
floats, packaging, and displays. Transparency No. 1 will give 
a few specific industrial examples, (see transparency no. 3 and 
no. 9) 

EDUCATIONAL MEDIA: 

1 . Charts 

2. Overhead transparencies 
3* Films 

UTILIZATION IN THE TEACHING-LEARNING ENVIRONMENT: 

SAFETY: 

In most cases the blowing agents release only the 
relatively harmless gas nitrogen, but in some cases other 
gases which may be toxic may be given off; also, it should 
be borne in mind that most blowing agents are highly 
flammable, and may be explosive if proper precautions are 
not observed. 

The user should be thoroughly familiar with the chemical 
behavior of the blowing agents: (1) its activation tempera- 

ture; (2) its liability to be activated by contact with 
other chemical; (3) its possible interaction with the 
material being expanded; (4) the rate at which it evolves 
gas; (5) the nature of its decomposition products. 

For more detailed instruction in safety procedures consult 
Plastics Engineering Handbook , page 139. 

PRESENTATION: 

I. Classification of Family 
A. Specific Family: 

Various plastics are used in the making of foams, 
both thermosetting and thermoplastic. In general, 
the basic properties of the respective plastics 
are present in the foamed plastics, except, of 
course, those which are changed by the conversion to 
cellular structure. 




-3- 



B. Two General Types 

The cellular plastics are of two general types 
regarding structure, the closed-cell type (in 
which each individual cell, more less spherical 
in shane, is completely closed in by a wall of 
plastic) and the open-cell type (in which individual 
cells are intercommunication). 

II. Cellular Plastics 
A. Chemical Types 

The chemical types now in commercial manufacture 
number a total of nine. The major types are as 
follows: 

a. cellulose acetate 

b . epoxy 

c. phenol -formaldehyde 

d. polyethylene 

e. polystyrene 

f. silicone 

g. urea- formaldehyde 

h. urethane 

i. vinyl 
3. Closed Cell 

Cellulose Acetate 
Epoxy 

Polyethylene 
Polystyrene 
Silicone 

lira a- formal dehyde 
VI nyl 
Urethane 
Phenolic 

(See transparency No. 2) 

III. Structure and Composition 

A. A cellular structure can be developed by several 
methods. 

a. air is whipped into suspension or solution of 
the plastic, which is then hardened by heat or 
catalytic action or both. 

b. a gas is dissolved in the mix and expands when 
pressure is reduced. 

c. a liquid component of the mix is volatilized 
by heat. 

d. water produced in an exothermic chemical reaction 
is volatilized within the mass by. the heat of 
reaction. 

e. carbon dioxide gas is produced within the mass 
by chemical reaction. 



Open Cell 



Epoxy 



Urea- formal dehyde 

Vi nyl 

Urethane 




f. a gas, such as nitrogen, is liberated within 
the mass by thermal decomposition of a chemical 
blowing agent. 

g. tiny beads of thermoset resin, hollow or 
expandable by heat, are incorporated in a 
plastic mix. 

To determine whether a foam will be flexible, semi- 
rigid or rigid depends on the degree of cross linking 
that takes place. The cross-linking triggered by 
the introduction of water is controlled in most cases 
by the molecular backbone which supplies the reactive 
sites. Thus, a resin which is characterized by a 
high degree of reaction sites will most likely 
produce a rigid foam. 

Size of Cell : 

The approximate size of the cell structure may vary 
from 0125 to 0.015 - in. diameter. This may vary 
with method of production. 

Foaming Agents: 

The cellular structure of many cellular plastics 
are developed by the release of gas within them. 

The substances used as the source of gas are called 
"blowing agents," or "forming agents." These are 
of two general types, both functioning under the 
influence of heat during the preparation of the 
cellular plastic. 

a. Liquids which are volatilized without chemical 
change. 

b. Chemicals which decompose to yield gaseous 
products. 

Listed below are typical blowing agents: 
a. Slowing action resulting from volatilization 
of water. 

isopropyl ether acetone 

ethyl alcohol fluorinsted hydrocarbons 

Blowing action resulting from decomposition. 



b. 



inorganic compounds 
ammonium nitrate 
sodium nitrate 
hydrazides (azide, 



ammonium carbonate 
sodium bicarbonate 
nitroso compounds 
(N,N* - dinitroso- 
pents - Methylene 
tetramine) 



te re phthal amide, 
borohydri des ) 

The temperature of decomposition or activation of 
each blowing agent in uncompounded condition, in air, 
is so much influenced by chemical effects of the 
various resins, plasticizers, stabilizers, etc., 
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that such data would be of very limited value in 
leading to even a preliminary choice of selected 
temperatures for specific blowing agents. For 
this reason, the advice of suppliers must be closely 
adhered to. 

The following properties and behavior should be 
considered in choosing a chemical blowing agent: 

a. it should release gas over a definite and short 
range of temperature. 

b. the rate of release should be rapid, but con- 
trollable. 

c. the gas, preferably, should not be corrosive 
or explosive; nitrogen is the preferred gas, 
but C0 2 is acceptable in some cases. 

d. the blowing agent should disperse readily in 
the mix, and preferably should dissolve. 

e. it should be stable in storage. 

f. its residues should be colorless and nonstaining. 

g. the blowing agent, and also its residues, 
should be nontoxic. 

h. the decomposition of the blowing agent should 
not develop a large amount of exothermic heat. 

i. the blowing agent, and its residues, should 
not affect the rate of cure of the plastic. 

j. the blowing agent should function equally well 
in closed and open molds. 

k. the blowing agent should be inexpensive, 

The above mentioned list of blowing agents may tend 
to be rather confusing. At least it is on the part 
of the author, so a simplified chart below will 
attempt to clarify the type of blowing agent, and the 
resultant foam structure. 

Foam Name Slowing Agent Structur e 

1. Cellulose Acetate Super heated solvent, inert rigid structure 

material (solvent) provides 
nuclei for volatilization 



Polystyrene beads - exo- 
thermic reaction and endo- 
thermic reaction 



o 
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2. Epoxy 



rigid structure 



6 “ 



3. Phenolic 



Reaction between phenol 
and formaldehyde, exothermic 
reaction causes liberation 
of gas 



rigid structure 



4. Polyethylene 

5. Polystyrene 



heat liberates inert gas— flexible s true- 
free- flowing beads heated, ture; rigid 
beads expand and "puff," some structure 
pre-heated or pre-expanded— 
this is used where density 
is not critical. 



6 . Si 1 i cone 



blowing agent decomposes 
into nitrogen gas— another 
2 silicone components plus 
catalyst=hydrogen gas- 
exothermic heat 



Urea- formaldehyde mechanical mixing of air 

plus heat to cure resin 



rigid a flexible 
structure 



rigid structure 

flexible & rigid 
structure 



flexible & rigid 
structure 



3. Urethane two types— mixing polyols 

with a di isocyanate and 
water. Reaction between 
isocyanate group and water- 
in volves volatilization of 
blowing agent causing exo- 
thermic heat 

9. Cellular Vinyls mechanical blowing (a plas- 

ti sol plus carbon dioxide 
gas) plus heat. Plastisol 
plus blowing agent which 
decomposes. 

(See transparency No. 2) 

IV. Properties 

The outstanding properties of cellular plastics are 
very wide and varied. To say that all have the same , 
definite properties would be most incorrect; however, 
one might make some general statements about their 
properties. The student will need to review the indivi 
dual property charts of each cellular plastic for 
additional and specific information. Several trans- 
parencies No. 5, 5, 7, 8, are provided for review. 



o 
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A. Properties - General: 

a. Cellulose acetate 

smooth dense skin, does not tend to become 
brittle or frangible, tolerate temperature up 
to 350° F., good mechanical properties betv/een 
-70° F. and 77° F. 

b. Epoxy 

can be "pack in place" or "foam in place," high 
compression strength 600 psi , flame retardent 
formulation are available, long shelf life, 
resistant to alkalies, most acid, and solvents, 
dielectric properties range from 2-7, heat 
stability up to 600° F. 

c. Phenolic 

very light weight, high degree of flame retar- 
dance, outstanding thermal insulation properties, 
good acoustical properties, low flexual strengths 
and thermal expansion, absorbs water rapidly, 
good "foaming in place" characteristics. 

d. Polyethylene 

very low dielectric constant, good electrical 
insultaion, low density, good moisture resistance. 

e. Polystyrene 

very light in weight, used at relatively low 
temperatures, good low-temperature insulation, 
good buoyancy characteristics, low thermal 
conductivity and water resistance, good pack- 
aging properties. 

f. Silicone 

good vibration insulation, foamed in place, 
thermal insulation, and cushioning around 
electrical components. 

g. Urea- formaldehyde 

good for floral displays and in thermal insulation, 
poor water adsorption characteristics, won't 
support combustion, in non-corrosive and non- 
toxic, poor thermal linear stability, 130° 
results in shrinkage. 

h. Urethane 

good foaming in place characteristics, good 
thermal insulation, good for high density 
application, stable at high temperatures, 
resistant to vibration and moisture, available 
in fire- retarding formulations. 
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i. Vinyl 

good buoyancy properties, good high density 
properties for electrical insulation, good 
resilience and flexural characteristics, 
nonflammability, low tendency to absorb plas- 
ticizers from primary insulation, low in weight. 

V. Industrial Production Processes 

Two principal processes of foaming are molding expandable 
polystyrene and casting polyurethane. Many variations 
are used for other plastic foams, but these two account 
for a large part of the foam produced and are typical 
of the processes used. 

A. Expandable beads 

The styrene beads are pre-heated or expanded to the 
desired density (usually from one to twenty pounds 
per cubic foot). The pre-expanded beads are loaded 
into a closed mold cavity by air pressure. The mold 
is heated to about 275° ~F. to expand and fuse the 
beads. Direct heat in the form of live steam is 
also forced through small holes in the mold. After 
expansion, the mold and part are cooled to prevent 
further expansion and resultant distortion. This 
cooling is done by circulating cold water around the 
molds. The mold is opened and the molded parts are 
ejected by forcing air or water through the steam 
holes in the mold. 

Equipment for experimental or short-run production 
may be simply a steam probe which is inserted in 
the mold, a steam autoclave (pressure cooker) into 
which the entire mold is placed, or a jacketed mold 
around which steam is circulated. 

B. Casting urethane foam 

This process consists of mixing the resin and the 
foaming agent in proper proportions, changing them 
into a closed mold, allowing them to foam and fill 
the recesses of the mold, sometimes aiding the 
curing action with heat, and opening the mold and 
ejecting the finished part. 

In some applications, the plastic is foamed in place. 
One such application is for flotation compartments 
in boats. The plastic is placed into a compartment 
in the boat and allowed to foam and fill the void. 

It adheres to the walls of the cavity providing sup- 
port as well as buoyancy. (See transparency No. 4) 
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EDUCATIONAL FILMS: 

Born of Foam 

Sin cl air-Coppers Co., Koopers Bldg., Pittsburg, Perm. 1 G2 1 9 . 
Christinas Carrolls 

Association Films, Inc., 347 Madison Aye., flew York, Mew 
York 10017. 

Oabco One-shot Urethane Catalyst 

Moudry Process a Chemical Co., Urethane Chemicals Dept. 

1528 Walnut St., Philadelphia, Pennsylvania. 

Fabrication Machinery for Flexible and Rigid Foams 
Falls Engineering A Machine Co., Sales Dept., 1734 Front 
St., Cuyahoga Falls, Ohio. 

Facts about Foam 

The Dow Chemical Co., Midland, Michigan. 

Foamagic for Homemakers 

Mob ay Chemical Co., Advertising Dept., Penn Lincoln 
Parkway West, Pittsburgh, Penn. 15205. 

Focus on Foam 

The Dow Chemical Co., Visual Aids Dept., Midland, Hi chi (ran 
48640. 

Form and Formula 

The Society of the Plastics Industry, Inc., 250 Park 
Avenue, Now York, M. Y. 10017. 

Furs to Feathers to Foam 

Mobay Chemical Co., Penn Lincoln Parkway West, Pittsburgh, 
Penn. 15205. 

Magic Molecule 

The Society of the Plastics Industry, Inc., 250 Park Ava . , 
New York, !i. Y. 10017. 

Manufacture of Plastics 

The Society of the Plastics Industry, Inc., 250 Park Avc., 
Mew York, »'{. Y. 10017. 

A Mew World of Chemistry 

Reichhold Chemicals, Inc., Advertising Dept., 525 North 
Broadway, White Plains, New York 10602. 

Physical Chemistry of Polymers 

Bell Telephone Laboratories, Inc., Murray Hill, New Jersey. 
Plastics, Industrial Processes and Products 
Stout State College, Audio-Visual Center, nenomonie, Wis. 

15. Talking Plastics 

The Society of the Plastics Industry, Inc., 250 Park Ave., 
Mew York, N.Y. 10017. 

What Can the Matter Be? 

American Cyan amid Co., Public Relations Div., Wayne, 

New Jersey. 
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DEFIMITICfii TERMS: 



5 



2 . 



3. 



4. 



o 



•7 

/ 



Q 
l; • 



Autoclave Molding - Modification of the pressure bag 
method for molding reinforced plastics. After lay-up, 
entire assemoly is placed in steam autoclave at 5U-1GG psi. 
Cellulose Acetate - An acetic acid ester of cellulose. 

It is obtained by the action, under rigidly controlled 
conditions, of acetic acid and acetic anhydrice on 
purified cellulose usually obtained from cotton lingers . 
Exotherm - (1) The temperature /time curve of a chemical 
reaction giving off heat, particularly the polymerization 
of casinn resins. (2) The amount of neat given off. 

The term' has not been standardized with respect to 
sample size, ambient temperature, degree of mixing, etc. 
Foamed Plastics - Resins in sponge form. The sponge may 
be flexible or rigid, the cells closed or. interconnected, 
the density anything from teat of the solid parent oov<n 
to, in some cases, 2 lb/per cu. foot. Compressive strength 
of rigid foarns is stablvi enough to make it useful as 

core materials for sandwich structures. 

Foaming Agents - Chemicals added to plastics and rubbers 
that generate inert gases on heating, causing tne resin 
to assume a cellular structure. , . , 

Foam-in -place - Refers to the deposition of .cams v/mcn 
recuires that the foaming machine be brought to tup work 
which is “in place” as opposed to bringing the wer,' to 
the foaming machine. 

Isocyanate Resins - Host applications for tms resin are 
based on its combination with polyols, polyesters, poly- 
ethers, etc. Durinn tnis reaction, the reactants ar-_ 
joined through the formation of the urethane linkage - 
and hence this field of technology is generally Known 

as urethane chemistry. . 

One Shot Molding - In the urethane foam field, indicates 
a system whereby the isocyanate, polyol, catalyst, and otnei 
additives are mixed together directly and a foam is pro- 
duced immediately. .... , .. 

9. Radio Frequency Preheating - a meteod of p refloating 
used for mo i - ng materials to facilitate tne molding 
operation or reduce the molding cycle. 

10. Rigin Resins - One havino a modulus high enough to be 
of oractical importance, 10,000 psi or greater. 

11. Steam Molding - Used to mold parts from p re -expanded 
beads of polystyrene using steain as a source of neat 
to expand the blowing agent in tne material. 
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Thennal Conductivity - Ability of a material to conduct 
npat; physical constant tor quantity of boat that passes 
through unit cube of a substance in unit of time when 
difference in temperature of two faces is 1°. 

13. Urea Formaldehyde - A synthetic resin from the reaction 
of area wit;* formaldehyde or its polymers . 
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The plastics 
industry in 1967 



Synthetic resins and cellulosics 
production and sales, 1967 



Market 


Production Sales 
million lb. millipn lb. 


Alkycf 


588 


300 


Cellulosics 


180 


167 


Coumarone-indene and petroleum 
resins 


276 


275 


Epoxy 


139 


137 


Phenolic 


1,000 


789 


Polyester 


480 


443 


Polyethylene, high density 


1,100 


1,032 


Polyethylene, low density 


2,800 


2,600 


Polypropylene 


645 


641 


Polystyrene and styrene copolymers 


2,480 


2,400 


Polyvinyl chloride and copolymers 


2,200 


2,167 


All other vinyls 


516 


480 


Urea and melamine 


642 


559 


Miscellaneous 41 


1,120 


1,110 


Total 


14,166 


13.100 



a-l'ncludes acetal, acrylic, fluoroplastlcs, nylon, pheaoxies, poly* 
carbonate, silicones, urethane foam, and others* 
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Ten-year production record (million ib.) 








URETHANE FOAM 

Pattern of consumption 



• 


1966 


1967 


Market 


million lb. 


million lb. 


Flexible foam 






Bedding 


45 


50 


Furniture 


110 


135 


Packaging 


7 


8 


Rug and underlay 


9 


10 


Textile laminates 


40 


45 


Transportation 


80 


110 


Miscellaneous 


39 


32 


Total 


330 


390 


Rigid foam 






Appliances 


30 


33 


Building 


24 


30 


Industrial tanks 


4 


5 


Marine flotation 


7 


13 


Mine tunnel seals 


2 


2 


Packaging 


4 


5 


Transportation 


33 


33 


Miscellaneous 


2 


9 



106 



Total 



130 



Toble 1— Typical Properties of 
Flexible Urethane Foam 
(ASTM D1564) 




Foam Type 




Polyether 


Polyester 


Density 






(lb per cu ft) 


1. 1-2.3 


1. 6-2.0 


Tensile Strength 

(pel) 


9-22 


25-33 


Ultimate Elea- 
cation (percent) 


222-310 


250-500 


Tear Strength 
(lb per linear tn c ) 


2-4 


2.3-4.2 


Indentation Load 
Defleettew 4-In. thick 




sample, Method A 
(lb per 50 oq In.) 
at 25% compr. 


9-45 




at 50% 


12-80 


— 


at 65% 


16-85 


— 


at 75% 


25-150 


— 


Compression 
Defleetkm (pel) 
at 25% compr. 


0.15-0.6 


0.46-0.48 


at 50% 


0.2-0. 7 


0.56-0.80 


at 75% 


0.4-1.6 


1.29-2.09 


Compression Set, 
158 F, Method B 
(percent) 
at 50% compr., 
22 hr 


3-4 


3.5-6.0 


at 80% compr., 
22 hr 


6-8 


8-20 



Table 2 — Typical Properties of 
Rigid Polyether and Polyester 

Urethane Foams 


Density (lb/cu ft) 
ASTM D1622 


1.5 to 2.0 


Tensile Strength (psi) 
ASTM D1623 


30 to 40 


Compression Strength 
at Yield (psi) ASTM D 1621 
parallel to foam rise 
perpendicular to foam rise 


20 to 45 
10 to 25 


Compression at Yield (percent) 


5 to 10 


Closed Cells (percent) 
ASTM D1940 


92 to 98 


Moisture Vapor Permeability 
ASTM C 355 
wet cup (perm/in.) 


2 to 8 


Dimensional Stability 
(percent volume change) 
at 70 C, 100% RH, 2 wk 
at 100 C, 2 wk 

at —40 C, 2 wk 

* 


7 to 15 
5 to 10 
0 to 2 



UJ .IJ . .1 WLIUU A J*J.| , j , 4 fr 1 1 U- -J4 \ u *i ^ ‘ ^ J - , T-’ w w tuwv ij 1 .Uf '1' 1 JJ " ul l>m\ j 



*0 

o 

tf) 

3 



1 1 

0) (0 

k p 



O ® 

c 

0) 

C k 

g* 

is, 

<0 

a 



cj m 



< 

h 



in 


0 


O 


in 


h- 


CD 


in 




O) 






T— 












CM 


0 


O 


1^ 


in 


m 


00 


<j> 




CM 




r— 








CD 


CM 


m 


0 


CD 


*- 


CM 


CM 


O) 




T— 












in 


O 


O 


O 


CD 




O 


T=~ 


o> 




1 — 










/-N 








"cd 
















CO 








>> 








v» 








0 








E 






CO 


0 






"O 


k 




*0 

c 5 

0 


cd 

© 

-O 


0 

0 


E 


x) 


CO 


0 


cd 


CO 


0. 


CO 


0 


CL 


0 


CO 




"O 


.© 


Q. 


0 


© 


cd 




0 


"D 


•0 


"O 


CL 


C 


c 


O 


>s 


cd 


cd 


E 


H 


CL 


0. 


cd 




X 


X 


O 




LU 


111 


L- 



in 

00 

CD 



CM 

00 

CO 



CMI 



00 



CM 



O CO 

in 

r- a> 



cd 

E 



CO 

© 

c 

0 



CO 

>1 



CO 

© 



o 

# 



o ' 

> 5 

cdX> 



0.52 

(N*0 

1-1 0 

u 

^•o 

1— r c 
Pm 

S« 

. CJ 

c*o 

<4 

^*3 

c.a 

• ^ p 

r- ^ 
u 

*3 

o 

•c ” 

CO 



>> 

u 



r* 

CO 

D 

O 

o 

C 

C3 



^ to o 

VD <u tO 

vo ti o> 

S * 2 « 

*C r> 

c 

«.S2 

in2u 

•n S 0 

On’" 

’“' C_ 

is O v 
.p_ o 

**H«Q CO 

co $j*2 
0.2 
Vh ^ 1# 

?„««* 

.5?" o 

ft a - 

* o E 
<1)0 
cd^D <P3 



o 

ERIC 






TABLE II: The markets for 
expandable polystyrene 
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SAM JOSE STATE COLLEGE 
INDUSTRIAL STUDIES DEPARTMENT 
1968 NDEA INSTITUTE IN INDUSTRIAL MATERIALS 

PRESENTED BY: L. Russell Pickett 

Hamlin Junior High School 
Springfield, Oregon 

INSTRUCTIONAL LEVEL: Jr. High, Sr. !igh, Jr. College 
TITLE: Polymers - Cellulosics 

PRESENTATION TIME: Lecture-Demons tration 3-8 hours, c tudent 

Experiments S Project work 6-14 hours. 

INTRODUCTION: 

Cellulosics are thermoplasticspolymers prepared hy various 
treatments of purified cotton Vinters or special grades of 
wood cellulose. Cellulosics are among the toughest of plastics. 
Rough use will not break cellulose parts, hut abrasives will scar 
their surface. There are more than one type of cellulose polymer, 
but this unit will study only cellulose acetate, 'any consumer 
items that we purchase are easier to handle, more attractive, 
cleaner and healthier when this material is used for packaaing. 

It is also used for optical frames and pen barrels. 

OBJECTIVES: 

1. To acquaint the students with this plastic material as one 
in the large family of thermoplastics. 

2. The students should be able to use this material correctly 
for their best specific physical :.v sorties in n reduction 
of products. 

3. The students should become familiar with this material as 
it is seen and effectively used in our society today. 

INTER-RELATION WITH OTHER SUBJECTS: 

UNIT SUBJECT AREA: Polymers (plastics) 

INTER-RELATION WITH OTHER SUBJECTS: 

!. \’ood - Metal - General Shop 

2. Lecture in Science Department, Lab. in I A lab. 

o. Use of science lab for chemical theory demonstrations 

USE IN INDUSTRY: 

The four prominent industrial cellulosics are: cellulose 

acetate, celluslose acetate butyrate, cellulose propionate, *Rd 
ethyl cellulose. ,! os of this cellolosic material are formed 



and fabricated industrially in the foilwing manner: injection-, 
molding, blow molding, extruding, film casting and thermoformino 
by the vacuum forming process. The cellulosic material we are 
interested in is cellulose ac G tate$, which are often used when 
toughness, permanence, flame resistance and transparency are 
required at a moderate cost Extruded cellulose acetate film and 
sheet are used for packaging and thermcf crming. Extruded rod 
stock is used for tool handles and machine parts . Extruded pro- 
files are used for trim and wear strips on furniture. Other large 
volume products node by injection molding include pen barrels and 
caps, tool handles, brush backs, jewelry, hair ornaments, toys 
and dolls. Flame- resistant a d self-extinguishing forms are" used 
in small appliance housings ar.d various electrical applications. 
Cellulose acetate is available in pellets in injection molding, 
extrusion and blow molding. : any types and sizes of sheet and 
film are available, as well as rod, ripe and tubing. r he three 
basic types of cellulose acetate are: (1) Medium properties 
adequate for average use - good fabrication qualities; (2) Hard 
Superior heat resistance; arid (3) soft, good toughness. 

MATERIALS AND EQUIPMENT: 

vacuum forming machine 

injection molding machine \ 

extruding machine j~ if available 

blow molding machine * 

solvents: incl. acetone, methyl-ethyl ketone, alcohol, benzene, 
bensyl alcohol, and cyclohexene. 
adhesives: incl. ethylene di chloride, polyvinyl chloride, 
cellulose nitrate, iiO% ethyl alcohol h 80%" toluene and 5% 
ethyl cellulose, 17.5% ethyl alcohol, *nd 77.5% toluene, 
heat gun 

thermostat controlled oven 

whitney junior punch 

clothes iron, with temperature control 

electric soldering gun or wood burning pen 

variable transformer 

commercial heat sealer if available 

silicon spray (mold release) 

six spring clamps (sm. or med. size) 

as many samples of plastics and commercial materials as possible 
4 or 5 packaging samples 
bunsen burner 

t> doz. ijlnt & half- Tint glass jars (wide mouth) 
acid swaps 

eye droppers (one dozen) 

aerosol sp^ay paint cans - assorted colors 



EDUCATIONAL MEDIA: 

1. Films: 

PLASTICS: INDUSTRIAL PROCESSES AND PRODUCTS 
ORIGIN AND SYHTHISES OF PLASTIC MATERIALS 
BUTYRATE PEELABLE PLASTIC PACKAGING 
HALF SECOND BUTYRATE - A PROTECTIVE COATING FOR EXTERIOR 
ALUMINUM SURFACES 

MODERN METHODS OF MAKING & APPLYING PLASTIC FILM 
SHAPE OF PLASTICS 

2. T ransparencies: 

#1 - #15 - attached at end of unit 

3. Single concept film list - super 8 nw silent 

1. "Operation of Vacuum Forming Machine 

2. Operation of Extrusion Molding Machine 

3. Operaticn of Injection Molding Machine 

4. Audio-Visual Materials 

1. Overhead projector 

2. 2. bm Single concept projector 

3. Safety charts on cutting and punching with hand 
tools 

4. Chart on the commercial production of Cellulose 
Acetate 

5. Molecular Models 

6. Chart on the replacement of punches and dies in 
the Whitney Junior Punch 

7. Chart on the Operation of the Vacuum Former 

8. Chart on the Operation of the Extrucion Molding 
Machine 

9. Chart on Parts of this machine and operational 
procedures. 

10. Heat- dealing Temperature Ranges for Plastic 
Films Chart. 

UTILIZATION IN THE TEACHING-LEARNING ENVIRONMENT: 

SAFETY: 

1. This sheets of this material burn quite easily 

2. "any of the solvents used will act as acids on 
clothes and skin. 

PRESENTATION: (Instructor) 

A. Introduction to polymers (plastics) - Transparencies 
1, 2, 3; samples of various kinds of plastics used 
ir, the home, Film 1. 
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8. Atoms & Molecular Structure of Polymers - Trans. 

4, 6 , C, '’olecular Models, Film 2. 

C. Polymerization - Trans 7. 

D. natural Polymers - Trans. 8, i«, "olecular Models. 

E. Thermoplastic family - Trans. 10, Film 3. 

F. Cellulosic Structure - Trans. VI, "olecular Models. 

P. Producing Cellulose Acetate - Chart, Trans. 12, Film 4. 

H. Properties of Cellulose Acetate - demonstration on 
tearing ftlm, Trans. 13, 14, Films 5 & 6. 

I. Heat Sealing - demonstration 

J. Thermoforming - Demo., Trans. 15. 

K. Adhesion - Demo, on the various warp and adhesives 
used, TraBS. 13. 

L. Solvents - Demo., Trans 13 

H. Cutting, shaping, texturing - Demo: cutting, bending 
without heat and texturing with a vacuum former on 
film material, punching holes in film with Whitney 
Jr. Punch , Charts on Safe Operation of cutting tools. 
Single Concept film on Operation of the Vacuum 
forming. Chart on replacing of various sizes of dies 
and punches. 

N. Fabrication: 

1. Vacuum Forming - Demo, on machine, Chart on 
operation, Single concept film. 

2. Extrusion Molding Machine - Demo, on machine, 
Cutting operation single concept film on the 
operation of the machine. 

3. Injection Molding Machine - Demo, on a machine. 
Chart on Parts of this machine and Operational 
Procedures, Single Concept film on the operation. 

EVALUATION AND OBSERVATION: 

STUDENT PERFORMANCE. (questions to be answered) 

I. Name some heat sealable plastics 

2. Harne three methods of heating sheets and films for 
heat sealing 

3. What is the burning rate of cellulose acetate? 

4. ! hat is the impact strength of cellulose acetate? 

5. ! hat solvent effects this material the fastest? 

6. What type of classification of plastic may be heat 
sealed? 

7. Is nitro cellulose a heat sealable plastic? 

8. Which adhesive works the best on this material? 




9 . ’toy does this plastic material seek its original 
shape when reheated after forming? 

10. i!ow do plastic, materials differ in molecular structure? 

DEFINITION OF TERMS: 

1. Amorphous phase - devoid of crystallinity - no definite 
order. At processing temperature, the plastic i S 
normally in the amorphous state. 

2. Burning rate - the tendency of plastic articles to burn 
at given temperatures. Certain plastics, such as those 
based on shellac, yum readily at comparatively low 
temperatures, others will melt or disintegrate with- 
out actually burning, or will burn only if exposed to 
direct flame. These laTter are often referred to as 
sel f-exti ngui shi ng . 

3. Celluloid - thermoplastic material made by the intimate 
blending of cellulose nitrate with camphor. Alcohol 

is normally employed as a volatile solvent to assist 
plasticizing, and is subsequently removed. 

4. Cellulose Acetate - acetic acid ester of cellulose. 

Obtained by the action under rigidly controlled conditions, 
of acetic acid and acetic anhydride on purified 
cellulose usually obtained from cotton 1 inters. ;M 1 
three available hydroxyl groups in each glucose unit of 
the cellulose can be acetyl ated but in the material 
normally used for plastics it is usual to acetyl ate fully 
and then to lower the acetyl value (expressed as 

acetic acid) to 52-56% by partial hydrolysis, 'toen 
compounded with suitable plasticizers it gives a 
tough thermoplastic material. 

а. Degree of polymerization - the number of structural 
units or mers in the "average" polymer molecule in a 
particular sample. In most plastics the DP must reach 
several thousand if worthwhile physical properties are 
to be had. 

б. Extrusion - compacting of a plastic material and the 
forcing of it through an orifice in more or less 
continuous fashion. 

7. Pulp *• form of cellulose obtained from wood or other 
vegetable matter by prolonged cooking with chemicals 
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The plastics 
industry in 1967 



Synthetic resins and ceilulosics 
production and sales, 1967 



Market 


Production 
million lb. 


Sales 
million lb. 


Alkycf 


588 


300 


Ceilulosics 


180 


167 


Coumarone-indene and petroleum 
resins 


276 


275 


Epoxy 


139 


137 


Phenolic 


1,000 


789 


Polyester 


480 


443 


Polyethylene, high density 


1,100 


1,032 


Polyethylene, low density 


2,800 


* 2,600 


Polypropylene 


645 


641 


Polystyrene and styrene copolymers 


2,480 


2,400 


Polyvinyl chloride and copolymers 


2,200 


2,167 


All other vinyls 


516 


480 


Urea and melamine 


642 


559 


Miscellaneous* 


1,120 


1,110 


Total 


14.166 


13.100 



a-Indudes acetal, acrylic, flucroplastics, pylon, phenoxies, poly* 
carbonate, silicones, urethane foam, and others. 



Ten-year production record (million lb.) 
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COVALENT BONDS 

GGMPODKXIS 
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Formulas, Atoms & Structures 

FORMULAS 

1. Molecular — Indicate kind and number of atoms in molecule. 
2* Structural — Also indicate chemical bonds between atom3. 



H 2 ° 



Wate r 

Two atoms of hydrogen 
One atom of oxygen 



H-Q-H 




Methane(Marsh Gas) 

Four atoms of hydrogen 
One atom of carbon 



H 

H-C-H 

I 

H 



CH O 
4 

C 2 H 4 



Methyl Alcohol 

Four atoms of hydrogen 
One atom of carbon 
One atom of oxygen 

Ethylene 

Four atoms of hydrogen 
Two atoms of carbon 





Ethane 

Six atoms of hydrogen 
Two atoms of carbon 



S H 6° 



Ethyl Alcohol 

Six atoms of hydrogen 
Two atoms of carbon 
One atom of oxygen 
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cellulose molecule 

CARBON OXYGEN HYDROGEN 
COMPOUND 
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THE CHEMICAL STRUCTURE OF CELLULOSE ACETATES 
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IN LINE CHART FORM 



CELLULOSE 
(WOOD, COTTO 
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ACETIC ACID 

CH3 - COON 



CELLULOSE 

TRIACETATE 
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CELLULOSE 
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ACRYLICS Pattern of consumption 



Market 


1966 


1967 


million lb. 


million lb. 


Cast sheet 


135 


141 


Coatings 


49 


51 


Molding and extrusion powder 


60 


64 


Miscellaneous 


31 


32 


Total 


275 


288 



CELLU LOS I C S Pattern of consumption 



Market 


1966 
million lb. 


1967 
million lb. 


Continuous sheet: 
under 3 mils 


22.4 


18 


3 mils and over 


49.6 


46 


All other sheet, rod, tube 


8.0 


6 


Molding, extrusion materials 


102.9 


97 



Total 



182.9 



167 
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Table 2- — Mechanical Properties 

of Cellulose Acetate 



A STM Value 

Test 



Tensile Strength (psi) 


D638 


1900 to 8500 


Compressive Strength 


(psi) 


D695 


2200 to 36,000 


Flexural Strength (psi) 


D790 


2000 to 16,000 


Impact Strength, Izod 


(ft-lb per in. notch) 


D256 


0.4 to 5.8 


Flexural Modulus 


(10 5 psi) 


D790 


0.86 to 4 


Klongation (percent) 


D638 


6 to 70 
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BASIC TECHNIQUES FOR TMERMOFORMINQ SHEET 



1. STRAIGHT VACUUM FORMING 



A 

i 




-S' 



4. VACUUM SNAP-BACK FORMING 




E 



2. DRAPE VACUUM FGRMINQ 
A 



1 

.i. 



r — 1 


1 • ;i 


L_ Z^L. 


r 



). FBRCI ABOVE SHEET 



I h — E 





5. PLUG an! RING FORMING 6. FORMING INTO FEMALE WITH 

HELPER AND AIR PRESSURE 




T. PRESSURE FORMING 



LJ 




D 



IN THESE SIMPLIFIED schematics of seven basic methods, letters 
indicate the following: A — Heater; B = Clamp; C = Plastic Sheet, 
D — Mold; E =: Vacuum Line; and F = Air-Pressure Line. The 
methods (fully described in the text) are as follows: 1) Straight vacuum 
forming. Clamped in a statior ''ame, the heated sheet is vocuum 
drawn into the mold. 2) Drape .urn forming. Moveable frame or 
clamp drapes the sheet, softened by heat, over mole mold before 
vacuum is pulled. 3) Force above sheet. Mold, descends onto heated 
sheet, partially forming it; then the vocuum is pulled. 4) Vacuum 
snap-back forming. Vacuum is pulled, drawing pre heated sheet into 
cavity G. Male plug moves down until it reaches o predetermined 
position. Vacuum is then applied through male plug. 5) Plug and ring 
forming. Heoted sheet is placed e ver a ring ond clamped down. Mold 
mounted on ram is forced into it. 6) Forming into female with helper 
and air pressure. As press closes, cored plug pushes heoted sheet into 
cavity. Air pressure, introduced through plug, pushes sheet into female 
mold. Holes in mold itr air escape. 7) Pressure forming. After heat- 
ing, framed sheet is formed between matched male and female dies. 
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INSTRUCTIONAL LEVEL: College 

TITLE: Identification, Classifications and Definition of Polymers 
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INTRODUCTION: 

Today polymers are accepted as basic materials used by 
designers and engineers. They play an important and vital role 
in our society. Mi th so many polymers available today, an under- 
standing and identification of these various materials are a 
must for the competent consumer. 

The choice of a particular polymer now includes thousands 
of available types and formulations. It is easier to cope with 
this diversity if polymers are not considered a single family of 
materials— like the steels— but rather as a category of materials- 
like the metals— embracing some 30 distinct families. 

As in metals, new forms of polymers are created by alloying 
or by varying processing techniques. The alloying elements may 
be other polymers or non -plastic polymers. Or they may be other 
organic chemicals— dyes, inhibitors and plasticizers. Polymer 
resins may be converted into solid forms, foams, films or coatings. 

New polymer materials may also be created by the addition of 
fillers or reinforcing materials to the base resin. Uniquely, the 
ranks of polymers have grown by synthesis of new molecules or 
atomic rearrangement of existing molecules, (trans. A-l) 

OBJECTIVES: 

Identification of various polymers 

General understanding of polymers 

To learn how the main polymers are classified 

INTER-RELATION NITH OTHER SUBJECTS: 

UNIT SUBJECT AREA: Polymers 

INTER-RELATION ' ! ITH OTHER SUBJECTS: 

1. Metals 

2. Chemistry 
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3. Textiles 

4. Mood 

5. Ceramics 

6. Electricity, Electronics 
USE If.* JiiDUSTRY: 

Experiences, such as '.lorld 'Jar U, have taught us the value 
of concerted effort- -the concentration of teams of scientists, 
engineers, etc. to tackle our complex problems. Identification 
and classification of our highly developed materials, such^as 
polymers, play a vital role in the systems of industry. ’Without 
such data, we would still have the big gap from -discovery to final 
product as used to be the case years ago. 

MATERIALS AMD EDUCATIONAL MEDIA: 

Transparencies noted as noted (trans. B-2) 

Samples of the various polymers 

Films - Kingdom of Plastics, General Electric Company 

Origin and Synthesis of Plastic -l aterials , Visual 
Education Office, U.S. Office of Education 
P h.ysical Chemistry of Polymers 
Student Activity: 1. Build molecular structures 

2. Identify various polymers visually 

3. Make mechanical and chemical identi- 
fication tests 



PRESENTATION: 

Definition 1. Polymers is the name of a large and varied 
group of materials which consist of or contain as an 
essential ingredient a substance of high molecular 
'weight which, while solid in the finished state, at 
some stage of its manufacture is soft enough to be formed 
into various shapes— usually through the application of 
heat and pressure. 

2. Polymers are a class of synthetic organic materials 
(resins) which are solid in the finished form, but at 
some stage in their processing, are fluid enough to be 
shaped by heat and pressure. 

3. Polymers in finished form consist of long chain molecules 
called “polymers." Smaller building block molecules 
often may be combined into oolymers by catalysis, heat 
and pressure. Cross-linking of two or more polymers, a 
process analogous to alloying in metals, is known as 
copolyinerization. (trans. A-3) 

4. Polymers come in many forms, such as liquids, films, 
powders, pellets, bars and sheeting, (show examples 
of the above materials) 



o 



CLASSIFICATION: 

Polymers can be divided into two major groups or families- 
thermoplastics and thermosets. 

Thermoplastics are those groups of polymers that become 
soft v.'hen exposed to heat and hardened when heat is removed. 
They may be softened and resoftened repeatedly without under- 
going a change in chemical composition. 

Tnermoset polymers are those groups of polymers that set 
into permanent shape when heat and pressure are applied during 
forming. These resins undergo a chemical change with the 
application of heat and pressure and cannot be resoftened. 

(Show samples of the two above) 

The Society of the Plastics Industry (S.P.I.) has 
classified nearly all of the industrial polymers into a letter 
and number system somewhat similar to the SAE system that the 
steel industry uses. It is intended to promote and encourage 
the intelligent use of polymers. The classification charac- 
terizes the various molding materials, primarily in terms of^ 
three physical properties usually believed to be of controlling 
significance-; such as heat distortion temperature, impact 
strength and tensile strength. 

An example of this is CPI 0502 (trans. A-4) 

CP - means cellulose propionate 

10 - the first 2 digits mean its heat-distortion temperature 
at 264 psi stress which in this case is 100° F.i the last 
digit is dropped. 

50 - the third and fourth digits represent its impact strength. 
2 - the fifth digit, 2, represents its tensile strength in 
thousands of psi (2000) 



IDENTIFICATION: 

Some of the common polymers are as follows: (trans. A-5) 



ABS 

Acrylics 

Cellulosics Acetate 
Acetate, Butyrate, Nitrate 
Epoxy 

Fluorocarbons 
Mel ami ne 
Phenol i cs 



Polyester 

Polyethylene 

Polypropylene 

Polystyrene 

Polyurethane 

Silicone 

Urea 

Vinyl 



1 
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DEFINITION OF TERMS: 

Acrylic Plastics - polymers based on resins :nado by 
polymerization of acrylic monomers 

Alkyd Plastics - polymers based on resins of saturated 
polymeric esters. 

Catalyst - a substanje which when added in minor propor- 
tions accelerates a chemical reaction. 

Cohesion - The forces holding a single substance together. 

Cross-linking - The development of chemical linkages between 
long chain molecules. 

Degradation - a deleterious change in the chemical structure 
of a plastic. 

Elastomer - a material which at room temperature can ue 
stretched repeatedly to at least twice its length and 
return to original length upon release of stress. 

Epoxy Plastics - polymers based on resins made by the 
reaction of epoxides with other materials such as 
alcohols, phenols and acids. 

Ethylene Plastics - polymers based on resins made by the 
polymerization of ethylene or copolymerization of 
ethylene with other unsaturated compounds. 

Inhibitor - a substance which prevents or retards a chemical 
reaction. 

Monomer - a relatively simple chemical which can act to 
form a polymer. 

Phenolic Plastics - polymers based on resins made by the 
condensation of phenols. 

Plasticize - to soften by addition of plasticizer. 

Polyester Plastics - polymers based on resins of polymeric 
esters. 

Polymer - a compound formed by the reaction of simple 
molecules. 

Polymerization - a chemical reaction in which the molecules 
of a monomer are linked together. 

Resin « an organic material which has an indefinite and 
often high molecular weight. 

Thermoelasticity - rubber-like elasticity exhibited by a 
rigid plastic and resulting from an increase of 
temperature. 

Thermoforming - forming with the aid of heat. 

Urea Plastics - polymers based on resins made by the con- 
densation of urea and aldehydes. 

Viscosity - the property of resistance to flow exhibited 
within the body of a material. 

Yield Value - the force which must be applied to a plastic 
to initiate flow, also called yield stress. 
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POLYMERS 



THE THERMOSET FAMILY 
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DISHES COUNTERTOP MATERIALS 
ADHESIVES SNITCHES SIZINGS 
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1 

CAS' IN | 

i 


KNITTING NEEDLES pHTTONS 
DRESS BUCKLES NOVELTIES 


EPOXY 


ADHESIVES SURFACE COATINGS 
ELECTRICAL COMPONENTS 


i 

PHENOLIC | 


APPLIANCE HANDLES T-V CABINETS 
DISTRIBUTOR GAPS ADHESIVES 


POLYESTER 


j BOAT & AUTO STRUCTURES COATINGS 
SPORTS EQUIPT. BUILD UiG MATERIALS 


SILICONE 


MOLD RELEASES TAPE ADHESIVES 
ELECTRICAL COMPONENTS 



URETHANE 



FOAMS INSULATION COATINGS 
,'G PADS AIRCRAFT PARTS 
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POLYMERS 



ACRYLIC 



THE THERMOPLASTIC FAMILY 

SIGNS AUTO TAIL LIGHTS 
CONTACT LENSES CONTROL PANELS 



CELLULOSIC 



PACKAGING TOOTH BRUSHES 
STEERING WHEELS EYEGLASS FRAMES 



POLYAMIDE 

(nylon) 



GEARS FABRICS SHOWER HEAD 
VALVES PIPING 



POLYOLEFIN 

POLYETHYLENE 

POLYPROPYLENE 



SQUEEZE BOTTLES PACKAGING 
INSULATING COVERS CONTAINERS 
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POLYSTYRENE 



FOOD CONTAINERS BATTERY CASES 
CABINETS INSULATION PIPING 
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VINYL 



FLOOR COVERING RAIN WEAR 
SCREENING CEILING FIXTURES 




LOCATION 


POLYMER 

CHARACTERISTICS 


EXAMPLES 


USES 






POLYETHYLENE 


Pails, pipes, 
thin films 


1 


finable and 
crysiaHizable chains 


POLYPROPYLENE 
POLYVINYL CHLORIDE 


Steering wheels 

Plastic pipes 
and sidings 






NYLON 


Stockings, shirts, 
dresses, coats 






PHENOL- 
FORMA!. DEHYDE 


Television casings. 
Telephone receivers 


2 


Cross-linked, amorphous 
networks of flexible chains 


CURED RUBBER 


Tires, transport 
belts, hoses 






STYRENATED 

POLYESTER 


Finish on automobiles 
and appliances 


3 


Rigid chains 


POLYMIDES 


High-temperature 

insulation 






LADDER MOLECULES 


Heat shields 


A 


Crystalline domains 
in a viscous network 


TERYLENE (DACRON) 
CELLULOSE ACETATE 


Fibers and films 
Fibers and films 


B 


Moderate cross- linking 
with some crystallinity 


NEOPRENE 

POLYISOPRENE 


Oil resistant 
rubber goods 

Particularly resilient 
rubber goods 


C 


Rigid chains, partly 
cross-linked 


HEAT-RESISTANT 

MATERIALS 


Jet and rocket engine# 
and plasma technology 


D 


Crystalline domains with 
rigid chains between them and 
cross linking between chains 


MATERIALS OF HIGH 
STRENGTH AND TEMP- 
ERATURE RESISTANCE 


Buildings and 
vehicles 




